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ABSTRACT 

Changes in the  diff(~rc~ntiu1 pulsc~ hclight, distri))utioIl of uttrlosphcarics as  monitored  on 500 kc. sec.-I ha\-e been 
Ftndied on the  basis of entire  thlultlerstorm  historiw. 11I:rrkd differences in  the  distribution  have  been  measured 
associated  with  different k i d s  of storms. A htorm  history  ullmistakahly  relating a distribution  discontinuity to a 
tornado  event is briefly describrd. 

1. INTRODUCTION 2. TYPICAL  AMPLITUDE  DISTRIBUTION 

The monitoring of' atmospherics  at  ~nediutn f'requellcies 
is characterized by  extrenlely  high  countillg  rates  rel. '1 t '  1ve 
to the typical  levels conlrnonl\- c~lcor~ntered  with VLF 
equipment [ I ] .  The rntLxilnum electrowtlgrletic rat1i:Ltive 
energy associated wit11 pre-tliscllnrge sequcuces, inter- 
stroke, and  relaxation  discharges o u ~ ~ r s  ut lnetliulll 
frequencies [ 2 ] .  Further,  there are it nunlber of intra- 
cloud discllarges apparently  not  associated  with t h e  
"visible" lightning  process  which are detec*tahle both as 
sferics ant1 AS veq-  small  fast  step  changes  in  the  electric 
field gradiellt. 

The relatiorlship  between  severe  weather  and/or  tor- 
nado activity  and low  frequency sferics hits beet1 tlocu- 
ment>ed [3, 4, 51. (lonsiderably  greater  sensitivity i n  
terms of both  quantitative  and  qualitative discrinlin. '1 t '  ion 
of different kinds of t~hunderstorms is  characteristic of 
sferics ~nonitoriug in the  frequency  dornain  between 400 
and 500 kc. sec." [6]. An expanded  qualitative  inter- 
pretation of data  gathered  at t'hese frequencies has  been 
attempted by examining  the  sferics  amplitude  distribu- 
tion variations. From t'his study  there  has ernerged a 
significant' relationship  bet'ween  the  time  derivative 
variance of the  amplitude  distributions  and severe 
weather occurrences. 

The detection  process irlvolved a narrow-band  antenna 
and receiver  cornbination  centered at' 500 kc. sec." 
The detector output  was  applied to a multi-channel 
differential pulse amplitude  analyzer.  The  output of 
eac.11 charmel was i n  the  form of average  count  rate. 
These data were  recorded  during the  entire  lifetime of a 
st 01'111. 

The rnenn distribution  derived fronl 20 different storms 
closely approximates an  exporlentid l o r ~ n :  

S ( h )  = NepNh 

where S(h)  is the count  rat>e  distribution  function; N is 
the count  rate  at  the  limit of detectability I;  (Y is a  const'ant 
of proportionality;  and h is the pulse  amplitude.  The 
interpretation of this  distribution  is  that  there  are  a 
large  number of small  pulses aud a very few large  pulses 
in any given  sample  period.  Further,  there is lit'tle  change 
in  the  distribution due to  propagation  distance  variables. 

A three-dimensional  nlodel  photographed  in figure 1 is 
representative of the typical  distribution form. The 
hottorn  dinlension of the figure  (abscissa)  is the pulse 
amplitude  increasing to the  right. The  vert'ical  dimension 

I The  limit of detectability  refers  to  that defined by the  sensitivity of the "finitely 
wide" lowest counting  window of the pulse analyzer. 
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FIGURE 1.---500 kc. scc.-1 sferics  amplitude  distribution  history of 
R thunderstorm  (low  variability). S = count rat('; h = pulse 
atnplitude; t = time. 

wllere ul, u2, . . . un are standard - deviations of the channel 
or derivatives; SI, x,, . . . X, are  t'he  mean channel 
values; 3 is the  nlem cllarluel  level of all storms nleasured. 

3. EXTENDED STORM HISTORY 

The  distribution histories of several  single thunder- 
storms  in  the  sout,hern  Minnesota  region  including the 
two da-p preceding the tornado  event  on  August 4, 1961 
:we shown  in a single  model  in  the  photograph  in figure 2. 
Ille viewing angle of the  model  is  from  above so t'hat 
elapsed  tirlle  increases  from  left to right, incretwing pulse 
height from back  to  front dow1lward,  arid t'he count' rate 
distribution  upward  and  toward  the  observer. ,4 mirror 
reflection of the inIage of the model horn a more nearly 
horizontnl  perspective perrllit's examination of tlle absolute 
sferics count ra te  profile part of the  model. 

?'he ahsolute  count,  rate is  related  to  the  total  :mount of 
sferivs  activity  within  tlle  storm.  The  solar thermo- 
tlynarnic  diurnal  effect  on  tllunderstorln  activity is clearly 
evident  in  this  record. The  sferics  count  rate became 
zero at  mid-day on August 3 and  during t'he after- 
rnidnigllt,  period.  The  different  periods of tlct'ivity were 
associated  with  newly formed storrns unrelated to previous 
cloud formations.  The presence of x secondary maximum 
in  the lor111 of' a Ilurnp or continuous  "foothill" common 
to all  tlistribution profiles  is of incidental  interest, because 
it,  appears  in  each of the  thunderstor~r~s durirlg the period. 
The  lighting  angle  in  the  photograph was chosen to show 
this  letiture. 

During  the 3 t l ~ y s  preceding  the t'ornaclo,  tlle lower air 
circulation Iron1 tlle  southwest  carried  11utnidit~-  into the 
entire  Northern  Great  Plains.  Evidence of the humidity 
conccntrntiorl is i n  tlle lorm of t'he  lute afternoor1  air mass 
thurltlerstorrns as appear in  figure 2 .  During  this period, 
I~owever, a well-defined cold lront ndvancetl from the 
Yukon into  Minnesotu a t  a  sustained  speed of 28 1n.p.h. 

On  August 4, :L low  pressure  t'rough  over eastern 
llinnesot,:t w-as ill evidence  extending  aheud of mld in the 
direction of tlle  frontal advance. h well-defined zone of 
~ n a x i t l ~ u n ~  Ivind extentling lrolrl 500 to 200 11111. contained 
winds  which  intersected  this trough :it nearly  right angles 
llowitlg in a nort11e:tstn"nrtl direction. 'I'hunder.storm ac- 
tivit,y was confinrtl to  t'he vicinity  slightly  in dvance  of 
the  front tlrltl  long the  western  side of the  trough. The 
front was still defirl:iblr on the following d a y  well into 
nor thrm Illiuois. 
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CST w d  produced h i 1  by 1700 CST. Aside fro111 the 
tornado  at  Austin  and the hail  danlage  north of Rochester, 
110 other  report's of severe weather It-ere received during 
the passage of the l'ront, into Iowa and Illinois. 

An enlargementm of t'lle August 4 portion of the lllotlel 
in  figure 4 shows a simultaneous o ( ~ ~ r r e 1 1 c e  ol :L discon- 
tinuity  in  the  amplitude  distribution  surface  and a "sharp" 
peak or ~ n a x i ~ n u m  in  the  total sferics count  rate, obttkiuetl 
from the  storm  which  passed through Austin. T h e  
abrupt  change  in  the  direction  is  visually 111ost evident' in  
the lower amplitude  channels  (tallest) as two  pronlinent 
profiles extending  above the adjacent  ones.  Tlle  extent 
of the  variation is emphasized 1 ) s  the s l ~ ~ ~ d o w   m g l e  cast' 
on the  model in the  foreground.  The  discolltinuity  is 
apparent in the reflected image :IS rvell, a n d ,  dso  the 






